Malnutrition and acute kidney injury (AKI) are common complications in hospitalized patients, and both increase mortality; however, the relationship between them is unknown. This is a retrospective propensity score matching study enrolling 46,549 inpatients, aimed to investigate the association between Nutritional Risk Screening 2002 (NRS-2002) and AKI, and to assess the ability of NRS-2002 and AKI in predicting prognosis. In total, 37,190 (80%) and 9,359 (20%) patients had NRS-2002 scores < 3 and ≥ 3, respectively. Patients with NRS-2002 scores ≥ 3 had longer lengths of stay (12.6±7.8 days vs. 10.4±6.2 days, P < 0.05), higher mortality rates (9.6% vs. 2.5%, P<0.05), and higher incidence of AKI (28% vs. 16%, P < 0.05) than normal nutritional patients. The NRS-2002 showed a strong association with AKI, that is, the risk of AKI changed in parallel with the score of the NRS-2002. In short-and long-term survival, patients with a lower NRS-2002 score or who did not have AKI achieved a significantly lower risk of mortality than those with a high NRS-2002 score or AKI. Univariate Cox regression analyses indicated that both the NRS-2002 and AKI were strongly related to long-term survival (area under the curve (AUC) 0.79 and 0.71) and
Introduction
Acute kidney injury (AKI) is a severe hospital-acquired condition caused by a range of factors in various clinical settings and is associated with kidney function deterioration and increased mortality 1 . The worldwide annual incidence of AKI is approximately 2100/million worldwide 2 , and the number of AKI-caused deaths is approximately 2 million 3 , of which 20% to 25% are inpatients;
in particular, critical AKI has a mortality rate of more than 50% during dialysis treatment 4 . Despite advances in renal replacement therapy technologies, patients with AKI still face a high risk of sequelae, including irreversible acute damage with the possibility of progression to chronic kidney disease (CKD) and other complications 5, 6 . In view of the lack of effective predictive factors, active treatment, and unpredictable prognoses associated with AKI, prevention and risk factor management remain critical.
Malnutrition is defined as any nutritional imbalance, which is a major complication in hospitalized patients and increases the length of stay (LOS), healthcare costs and mortality [7] [8] [9] [10] [11] . The prevalence of malnutrition is 15-80% in hospitalized patients while only 3% could be diagnosed and treated 8, 12 . Is has been reported that over 40% of CKD patients are undernourished 13 , and uremia and dialysis can impact the nutritional status of patients with kidney disease 14, 15 . AKI as the spread of inflammatory processes from the kidney to other organ systems, is also affected by metabolic changes and undernutrition. Therefore, undernutrited patients are more vulnerable to AKI 16 and many factors such as hypoproteinemia and insulin resistance are involved in this progression 17 . Good nutritional support has been advocated in AKI, whether treated with or without RRT. In animal experiments, enteral versus parenteral nutrition has been shown to alleviate AKI 18 , and increased protein intake reduce tubular injury 19, 20 . In patients with acute renal failure, protein and amino acids augment renal perfusion and improve renal function 21 . An randomized controlled Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 12 Dec 2019 at 05:19:05, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S000711451900271X Accepted manuscript trial studying the effects of daily intravenous amino acid supplementation in critically ill patients, which showed a significant increase in eGFR in the treatment group 22 . However, the nutrition status is often neglected in AKI patients, therefore accurate determination of nutritional status and providing nutritional support remain a challenging task in the treatment of AKI 23, 24 .
The Nutritional Risk Screening 2002 (NRS-2002) , developed by the European Society for Clinical Nutrition and Metabolism (ESPEN) 25 , has been widely used in clinical malnutrition screening and validated for assessing the nutritional status of patients for nutritional intervention in a variety of diseases 26, 27 including CKD 13, 28 . The NRS-2002 was composed of a score for impaired nutritional status, a score for the severity of disease, and an additional score if age ≥ 70 years 25 , which recognize malnutrition if total score of NRS-2002 ≥ 3 29 . Those NRS-2002 components such as low BMI, major abdominal operation and intensive care admission are also recognized risk factors for the occurrence of AKI, however the relationship between the entirety NRS-2002 and AKI is unknown. Therefore, the aim of this study was to (1) study the amounts of malnutrition in AKI patients, (2) investigate the relationship between NRS-2002 and AKI, and (3) assess the ability of NRS-2002 and AKI to predict prognosis in hospitalized patients, all of which will contribute to the prediction, prevention, and treatment of AKI.
Materials and Methods

Study design and procedure
This is a retrospective propensity score matching (PSM) study include all hospital admissions except Obstetrics departments. A total of 430,000 inpatients from 5 institutions admitted between June 1, 2012, and December 31, 2017, were enrolled in this study. Figure 1 describes the selection of patients in the final analysis, and 46,549 consecutive inpatients were eligible. Patients were excluded if they met one of the following characteristics:
(1) Patients with age < 18 years old.
(2) Patients with hospitalization < 24 hours.
(3) Patients with less than twice serum creatinine (Scr) test.
(4) Patients requiring dialysis before or after hospitalization. This study was approved by the Institutional Review Board (IRB, QDFY WZ 2018-9-13) to Accepted manuscript screen out those patients with qualifying serum creatinine levels. All subjects were treated with standard care without intervention from this study and followed up for 5 to 63 months until January 1, 2019, with a median time of 14 months. Clinical data were obtained via electronic medical records and a database review and were deidentified (patient names were replaced with the identification code, and private patient information was deleted before analysis) to protect patient privacy. IRB supervised the entire de-identified process, thus each patient's informed consent is waived.
All patients underwent malnutrition risk screening by using the NRS-2002 within the first 24 h after admission. Complete blood counts, blood chemistry analyses and urine tests were performed within 3 days of admission. In addition, necessary information including demographic characteristics (gender, age, body mass index (BMI)), inpatient department (medical, surgical, oncology, gynecology or intensive care unit (ICU)), and hospitalization-related factors (length of stay, surgery and number of deaths) were collected. Patients comorbidities (hypertension (HBp), diabetes mellitus (DM), coronary heart disease, and CKD) were all defined according to International Classification of Diseases (ICD) 10th Revision (WHO, 1992) in our hospital. The information was extracted from electronic clinical letter via regular expression matching.
Diagnostic Criteria
The diagnostic classification and criteria of AKI were based on Kidney Disease: Improving Global Outcomes (KDIGO) 2012 as follows: (1) Scr level >26.5 mmol/L (0.3 mg/dL) within 48 h;
(2) an increase in Scr to more than 1.5-fold the baseline-confirmed value or an increase presumed to have occurred within 7 days; or (3) urine output <0.5 mL/kg/h for more than 6 h. AKI staging was defined according to the KDIGO guidelines. Baseline Scr was defined as the first Scr value measured during hospitalization. The AKI diagnosis time was established once the participants first met the KDIGO criteria. The baseline estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease-Epidemiology Collaboration formula 30 .
Nutritional status during hospitalization was evaluated by the NRS-2002 scale, which consists of a score for impaired nutritional status, a score for the severity of disease, and an additional score if age ≥70 years. Additionally, impaired nutritional status is scored from 0-3 according to changes in BMI, weight and food intake. The severity of disease is scored from 0-3 based on different kinds of Accepted manuscript diseases according to the individual medical history and age records. Moreover, an additional 1 point should be added to the total score for patients aged over 70. A total score of ≥ 3 indicated nutritional impairment. The NRS-2002 was validated in the Chinese population 31, 32 .
Statistical Analysis
We choose an empirical threshold that indicators with more than 15% missing values were excluded from data. In addition, indicators with less than 15% missing values warranted interpolation by multiple imputation using the mice package 33 , and all model variables were considered simultaneously. We assumed that the data were missing at random 34 ; therefore, we performed predictive mean matching 35 to generate five complete imputed data sets that fit the logistic models. Sample size calculation showed an estimated 442 AKI-free events would be needed to provide 90% power for detecting a minimum clinically meaningful odds ratio of 0.64 for NRS-2002 scores <3 relative to NRS-2002 scores ≥ 3 with a two-side α of 0.05. Continuous variables were transformed into categorical variables based on recognized cutoff values.
To account for measurement confounding, we performed 1:1 rate PSM based on selected covariates using logistic regression with a caliper of 0.2 of the standard deviation 36 
Results
Patient Characteristics and PSM
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In total, 46,549 consecutive inpatients were eligible for final analysis, in which 7175(15%) patients had AKI and 39,374 (85%) patients were AKI-free. Before PSM, 37,190 (80%) and 9,359 (20%) patients had NRS-2002 scores <3 and ≥ 3, respectively. The patients with NRS-2002 scores ≥ 3 had higher concentrations of white blood cells (WBCs), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) but lower hemoglobin (Hb) and eGFR and had increased use of antibiotics and surgical operation than those in the NRS-2002 scores < 3 group (Table 1) .
Additionally, the incidence of AKI was 31% in the NRS-2002 scores ≥ 3 group, which was higher than 12% in the NRS-2002 scores < 3 group. The NRS-2002 scores (3.2±1.6 vs. 2.5±1.1, P <0.05) in AKI group as well as the components nutrition score and disease severity score is higher than those without AKI (Supplement Table 1 ). Therefore, patients with scores ≥ 3 or AKI seemed to be more likely to suffer severe disease and worse liver or kidney function.
To eliminate this bias, we used PSM to match two more comparable 1:1 rate cohorts. After PSM, NRS-2002 scores < 3 and ≥ 3 groups were well balanced on most characteristics, except the incidence of AKI which was still higher in the NRS-2002 scores ≥ 3 group than in the < 3 group (29% vs. 16%, P<0.05, Table 1 ). Moreover, we compared the short-term prognosis between NRS-2002 scores < 3 group and ≥ 3 group after PSM. The results showed patients with NRS-2002 scores ≥ 3 had longer LOS (12.6±7.8 days vs. 10.4±6.2 days, P < 0.05), higher mortality rates (9.6% vs. 2.5%, P<0.05), and higher rates of AKI than the patients with normal nutritional status ( Table 2 ). Since NRS-2002 requires weekly assessment, we investigated the condition within 7 days after the NRS-2002 assessment and showed that the incidence of AKI in the NRS-2002 scores ≥ 3 group was higher than that in the NRS-2002 < 3 group (18.73% vs. 2.05%, P<0.05, Table 1 ), suggesting that NRS-2002 could also be associated with AKI during early hospitalization.
NRS-2002 components are associated with AKI
To better identify whether malnutrition increase the risk of AKI and study the relationship of NRS-2002 components and AKI, both univariate and multivariate logistic regression were performed ( Table 3) . As a result, the total score of NRS-2002 showed a strong association with AKI, that is, the risk of AKI changed in parallel with the NRS-2002 score (P for trend < 0.05, 0.67 AUC for the univariate model, 0.78 for the multivariate model), suggesting that undernutrition represents a major negative factor for AKI. In the NRS-2002 component, albumin (ALB) was the most as the severity of disease (AUC 0.63), impaired nutritional status (AUC 0.59) and age (AUC 0.539), all slightly contributed to the risk of AKI but were not as significant as the total score of the NRS-2002 (Table 3) . Moreover, we studied the relationship between NRS-2002 and AKI in different clinical situations. The results showed these associations are constant across different genders, surgical status, and history of DM and HBp, indicating a good generalizability association that undernutrition increases the risk of AKI ( Figure 2 ).
Both AKI and malnutrition increased the risk of mortality
We further study the effects of NRS-2002 and AKI on short-and long-term mortality. Patients with NRS-2002 scores < 3 achieved significantly better long-term survival than those with higher scores (P < 0.05), suggesting that malnutrition was associated with adverse prognosis of inpatients ( Figure 3a) . Similarly, AKI during hospitalization significantly reduced survival, and survival worsened in patients with higher AKI stages (Figure 3b ). Therefore Table 4 ), suggesting that NRS-2002 scores ≥ 3 or AKI was associated with higher risk of mortality of patients.
Furthermore, we studied the predictive ability of AKI and NRS-2002 for mortality by using both univariate and multivariate COX regression analysis. Univariate Cox regression (Table 4) showed that the NRS-2002 was strongly associated with long-term survival (AUC 0.79, P <0.05) and was better than AKI (AUC 0.71, P <0.05). The combination of the NRS-2002 and AKI exhibited higher accuracy than the individual variables (AUC 0.80, P <0.05). However, multivariate Cox regression analysis revealed that the NRS-2002 scores was not the direct factor that increased mortality when the scores was ≥ 3 ( Table 4 ). Since the death events of patients mainly occurred during hospitalization, the short-term prognosis of patients was similar to the long-term prognosis ( Figure   3d -f and Table 4 ). 
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Discussion
Malnutrition screening is a simple and efficient tool for identifying the risk of malnutrition and helping patients receive timely and effective intervention in the hospital 25, 37 . Many nutrition screening tools are available, but ESPEN recommends the use of the NRS-2002 in hospitalized patients. However, ESPEN also recommends a malnutrition universal screening tool (MUST) for adults in community settings and a mini nutritional assessment (MNA) short form for older adults.
Due to the lack of a gold standard tool for assessing the risk of malnutrition, different approaches have been used in published studies. However, the NRS-2002 is more flexible, accurate, and straightforward for use in clinical practice. To the best of our knowledge, our study is the first to evaluate the association between the NRS-2002 and AKI in hospitalized patients and to estimate the ability of NRS-2002 and AKI in predicting prognosis.
Malnutrition and AKI are common complications in hospitalized patients and increase LOS
and mortality, but the nutritional status of patients as it relates to AKI is poorly described in the literature. In our study, 46,549 inpatients from 5 institutions were enrolled between June 1, 2012, and December 31, 2017, and followed up for 5-63 months. The patients with NRS-2002 scores ≥ 3 had a greater risk of AKI, and longer LOS and higher mortality rates than the patients with normal nutritional status, which was consistent with previous studies that undernourished patients were generally hospitalized longer and had lower survival rates 13, 38 . Without effective intervention, AKI can develop irreversibly in patients with chronic kidney disease and end-stage renal disease 5 and increase mortality. Although many guidelines recommend a good nutritional support in AKI patients, the increase of metabolic work for nutritional support may aggravate AKI progress 39 .
Therefore, further investigation of the relationship of AKI and malnutrition is crucial.
Studies have demonstrated that malnutrition is related to poor prognosis in AKI, but no study has shown that malnutrition screening predicts the occurrence of AKI. Marina et al. enrolled 133 patients with a clinical diagnosis of AKI and identified that nutritional markers (a low caloric intake, higher C-reactive protein level, etc.) are significantly associated with a risk of death in AKI patients 40 . Fiaccadori et al. assessed 309 patients with AKI based on subjective global assessment (SGA); the results showed that 58% of patients had undernutrition and that severe undernutrition was associated with poor prognosis 41 . Our research confirms that the malnutrition risk (NRS-2002 scores ≥ 3) is strongly associated with the development of AKI. The incidence of AKI was 29% in Accepted manuscript nutritional patient, thus good nutritional support has been advocated in AKI.
We also found that ALB was an important nutritional variable associated with AKI (AUC 0.67).
Low ALB is a known predictor of poor outcomes, including renal dysfunction and mortality 46 .
Engelman et al. reported that hypoalbuminemia was an independent risk factor for AKI after cardiac surgery 47 , which was consistent with our results. Other parts of the NRS-2002 (impaired nutritional status, severity of disease and age) slightly contributed to the risk of AKI but were not as significant as the total score of the NRS-2002. High BMI increases the risk of AKI; however, our results showed that BMI was not associated with AKI (AUC 0.526). A previous study showed that patents with AKI and a BMI of 30-35 kg/m 2 had a reduced risk of mortality during hospitalization 48 . showing that BMI was not absolutely associated with AKI 49 . Therefore, due to the difficulty in determining the dry weight of patients, using BMI as a parameter of nutritional monitoring in association with AKI is questionable.
This study has several limitations. First, our data were obtained from 5 institutions. Thus, future studies are needed to validate our results in a broader setting. Second, the urine output was recorded by patients' family members, which was not accurate and excluded for further analysis in our study. Although we collected nearly all of the comprehensive indicators and used reasonable statistical methods to eliminate bias, variables with inaccurate and missing data, such as urine output, were not included in this analysis, which might have affected our results and the predictive efficacy of the model. Finally, Cox and logistic regression models are reliable classifications and prediction methods, but these approaches are not the best analytical methods considering the rapid development of machine learning such as Support Vector Machine and Deep-learning approach 50, 51 , which may help attain better prediction results.
In conclusion, malnutrition is common among hospitalized patients and increases LOS and Accepted manuscript 
